Objective To investigate the effects of glenohumeral internal rotation deficit (GIRD) on the isokinetic strength, body pain, and the quality of life in male high school baseball players of Korea. Methods Fifty-six male high school baseball players were divided into either group A (GIRD≥20 o , n=12) or group B (GIRD<20 o , n=44). The range of motion in the shoulder and the isokinetic strength were measured. Questionnaires were administered regarding the body pain location by using the visual analogue scale, and the quality of life was measured by using the SF-36 Form. Results All subjects had increased external rotation range of motion and decreased internal rotation in the throwing shoulder. The incidence of GIRD (≥20 o ) was 21.43% in the present study. In the isokinetic strength test, a significantly weaker muscular state at an angular velocity of 180 o /s was observed in group A, compared to group B. For the comparison of the pain, the frequency of shoulder pain was higher (33.93%) than other body pain, among the study subjects. Conclusion GIRD is one of the main risk factors of glenohumeral joint damage, and it is correlated with reduced isokinetic strength and quality of life. High school baseball players will need appropriate shoulder rehabilitation programs for the improvement in their quality of life and performance.
INTRODUCTION
Glenohumeral joint is a common site for injury, which accounts for >30% of all injuries in overhead athletes [1] . According to a domestic study, glenohumeral joint injury accounts for nearly 65% of all injuries among Korean teenage baseball players [2] . High school baseball players are exposed to risks through excessive training and a www.e-arm.org large number of games, due to the pressure of getting accepted into the elite schools or teams. Moreover, the lack of recognition of an injury is a risk factor for even further injury, through aggravation of the previous injury which was not treated appropriately [3] . Repeated pitching elicits changes in the joint of the throwing shoulder (Tshoulder), including increased external rotation (ER) and decreased internal rotation (IR), compared to the nonthrowing shoulder (NT-shoulder) [4] [5] [6] . The difference of ≥20º in the range of motion (ROM) in IR between the Tshoulder and the NT-shoulder is known as glenohumeral internal rotation deficit (GIRD) [7, 8] . GIRD is a major risk factor for glenohumeral joint injury in baseball players [7, [9] [10] [11] . GIRD causes humeral retroversion, hyperplasia of the joint capsule, and muscular stiffness; and it induces imbalance in the soft tissues of the shoulder joint, which results in subacromial and intrinsic impingement syndromes [8, 12] . Wilk et al. [10] reported that the incidence of glenohumeral joint injury is twice as high in baseball players with GIRD, as in those without GIRD. The incidence of GIRD is known to be closely associated with the number and period of overhead throws. In a 10-year study by Fleisig et al. [13] on the pitchers who had thrown more than 100 innings in a year, 5% of these pitchers were reported to have sustained severe damage and that limiting the number of pitches can reduce the damage. A baseball player is at the risk of shoulder ROM deformation, pain, or damage throughout his career, due to the nature of the sport. As a result of these changes, GIRD may negatively affect the playing span of a baseball player. Although research regarding GIRD has been previously conducted, the associations between the degree of GIRD and shoulder pain and isokinetic strength have not been previously investigated for Korean teenagers, who have not yet reached their full growth potential. Therefore, in the present study, we aimed to determine the degree of GIRD in high school baseball players in Korea and investigated its association with body pain (including shoulder pain), shoulder isokinetic strength, and quality of life.
MATERIALS AND METHODS

Subjects
Participants for this study included 61 male players from 2 high-ranking, elite high school baseball teams in the capital region of Seoul. The study procedures were thoroughly explained to the subjects. A simple survey on body pain and quality of life was given, and anthropometry examination was conducted. Participants with a history of shoulder subluxation or surgery were excluded from the study. Physical examinations and ultrasonography evaluations of the shoulder joint for all subjects were performed by a single doctor who was a specialist in rehabilitation medicine. All subjects included in this study were confirmed to have no abnormal neurologic findings in the bilateral upper extremities by the physical examination, and they had no abnormal structures in the shoulder region according to ultrasonography. Five individuals with a history of shoulder surgery (2 elbow fractures, 1 elbow ligament injury, and 2 shoulder dislocations) were excluded; thus, a total of 56 players met the inclusion criteria and were enrolled in the study. The shoulder ROM in all players was measured by a single doctor who was a specialist in rehabilitation medicine. Participants with a difference in the IR ROM of ≥20º [11, 14] , between the NT-shoulder and the T-shoulder, were assigned to group A; and those with a difference of <20º were assigned to group B. Group A included 12 subjects with the following characteristics: a mean age of 16 Values are presented as mean±standard deviation.
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Methods
Shoulder range of motion measurement
The shoulder ROM measurements were performed in the morning prior to training so that the soft tissue elasticity and muscle fatigue would not affect the joint angle ROM. The participants were placed in the supine position on the measurement table, and the glenohumeral joint to be measured was exposed towards the edge of the table to avoid ROM restrictions. The subject's shoulder was abducted to 90 o and the elbow was flexed to 90 o ; one examiner fixed the glenohumeral bone in the glenohumeral joint to be measured, while another examiner measured the IR ROM of the isolated glenohumeral joint on the sagittal plane using standard goniometry [15] . At this time, the fulcrum of the goniometer was placed on the olecranon process, the stationary arm was aligned parallel to the plane, and the moving arm was aligned between the styloid and olecranon processes. The aforementioned methods were repeated for the measurements of shoulder ER ROM.
Shoulder isokinetic strength measurement
An examiner who was trained at the Korea Institute of Sports Science conducted the shoulder isokinetic strength measurement using the HUMAC/NORM Testing & Rehabilitation System (Computer Sports Medicine Inc., Stoughton, MA, USA). With the participants in the supine position on the measurement table, a seatbelt and a shoulder stabilizer belt were used to minimize any body movement other than that of the glenohumeral joint. The test tables were aligned, and the lengths of the tables were adjusted to prevent the subject from performing a handgrip action during elbow flexion. The glenohumeral joint shaft of the subjects and the dynamometer shaft were matched, by using the shoulder ROM of the subjects as the reference range. The exercise included measuring the shoulder ROM from the maximum position of flexion to the maximum position of extension. To obtain the flexion and extension isokinetic strengths in the T-shoulder and NT shoulder, the participants were trained through 3 repetitions of the full active ROM at angular velocities of 60 o /s and 180 o /s, respectively. After adequate rest, the exercise was repeated 3 times, and the mean of the 3 measurements was calculated. The measured values were recorded in the built-in software application Patient Setup Window [16] (Fig. 1) .
Pain and quality of life
Surveys about body pain and the quality of life were conducted by structured questionnaires. The subjects could choose up to 3 body parts that were in pain, out of a list of 6 upper body parts (neck, upper back, shoulder, elbow, wrist, and finger) and 6 lower body parts (lower back, hip, thigh, knee, ankle, and toe). The severity of pain was measured by using a visual analogue scale (VAS). Sufficient explanation regarding the VAS was provided prior to the administration of questionnaires to aid the responder's understanding of the VAS. The survey for assessing the quality of life was conducted by using the 36-item Short-Form (SF-36) Health Survey questionnaire [17] .
Statistical analysis
Statistical analysis was performed using SPSS ver.18.0 for Windows (SPSS Inc., Chicago, IL, USA). Variables were presented as mean±standard deviation. Descriptive statistics were used for demographic characteristics, ROM, GIRD, and isokinetic strength variables. The 
www.e-arm.org
Mann-Whitney U test was used to compare demographic characteristics, isokinetic strength, pain, and SF-36 responses between groups A and B. The Wilcoxon signedrank test was used to compare the ER ROM and IR ROM between the T-shoulder and the NT-shoulder in all subjects. Statistical significance was set at p<0.05.
RESULTS
For all subjects, the mean value of ER ROM was significantly higher for the T-shoulder ( The questionnaires regarding body pain yielded 57 responses; 19 participants (33.33%) were observed to have shoulder pain, which represented the highest frequency of pain among the body parts studied. Shoulder pain was reported by 3 out of 12 subjects (25.00%) in group A and by 19 out of 45 subjects (35.56%) in group B. With regard to the degree of shoulder pain, the related mean VAS score was 4.67±3.51 in group A and 3.5±1.93 in group B; however, the difference in these values was not statistically significant. Although the proportion of subjects who reported shoulder pain was lower in group A than in group B, the degree of shoulder pain was higher in group A, as evidenced by the higher mean VAS scores. In group A, 9 subjects reported of pain in the upper body parts (i.e., neck, upper back, shoulder, elbow, wrist, and finger) and 3 subjects reported of pain in the lower body parts (i.e., lower back, hip, thigh, knee, ankle, and toe), indicating a higher frequency of pain in the upper body compared www.e-arm.org to lower body parts (ratio of 3:1). In group B, 23 subjects reported of pain in the upper body parts and 22 subjects reported of pain in lower body parts, indicating similar frequencies of pain for the upper and lower body parts (ratio of 1.05:1) ( Table 4 ). Increasing severity of GIRD was negatively correlated with shoulder pain (CC, -0.22), although this was not statistically significant (p=0.14). The sum of the scores for the SF-36 responses was 90.45 in group A and 98.78 in group B, indicating a lower quality of life in group A than group B. In particular, a significant difference was observed for body pain (p=0.006), social function (p=0.007), and physical health (p=0.017) ( Table 5 ). All were negatively correlated with increasing severity of GIRD (CC, -0.25 to -0.13).
DISCUSSION
In this study, a significant relationship was observed between GIRD and pain, isokinetic strength, and the quality of life, among domestic high school male baseball players. Although many international papers have been published regarding GIRD in youth baseball players, only a few papers have been published in Korea. Our study was unique compared to other research studies that involved a comparative analysis between the quality of life and pain in GIRD group.
In this study, we investigated on how GIRD is correlated with isokinetic strength, pain, and the quality of life in teenage male baseball players. In most of the study subjects, the ER ROM of the T-shoulder was greater than that of the NT-shoulder, while the IR ROM of the T-shoulder was lesser than that of the NT-shoulder. Considering that GIRD is a shoulder pathologic risk factor, Burkhart et al. [14] reported that glenohumeral joint damage increases when the IR ROM deficit of the T-shoulder is ≥20 o compared to that of the NT-shoulder. Participants with an IR ROM difference of ≥20 o between the T-shoulder and the NT-shoulder were assigned to group A, which accounted for 21.43% of the total subjects in this study. According to the isokinetic strength test, a weaker muscular state was observed in group A compared to group B. Compared to pain in other body parts, the frequency of shoulder pain was the highest (33.93%) among the study subjects. A lower quality of life was also observed in group A compared to group B, according to the evaluations using the SF-36. Repeated high-velocity pitching causes a change in the stability-mobility relationship of the glenohumeral joint. Characteristically, the ER ROM of the T-shoulder increases, whereas the IR ROM tends to decrease, lead- www.e-arm.org ing to an increased difference in IR ROM between the Tshoulder and NT shoulder [4] [5] [6] . An excessively increased ER increases the humeral retroversion, thus causing an IR deficit [4, 5] . Over time, this pathogenic mechanism leads to the high prevalence of posterior capsular contracture in the T-shoulder. The interface between the humerus and the glenoid gradually shifts in the posterior direction and subsequently leads to a posterior shift of the total arc of motion in the glenohumeral joint [14, 16] . Consequently, the anterior length of the capsule increases, and the surface area in contact with the anterior-inferior aspect of the glenohumeral joint decreases, which results in an excessive ER [7] . Therefore, the balance between the IR and ER ROM in the total glenohumeral joint ROM is disrupted [17, 18] . Wilk et al. [6] measured the ROM of the T-shoulder in a study of 372 baseball players; in the Tshoulder, the ER ROM was greater and the IR ROM was smaller compared to the NT-shoulder. The results of the present study are compatible with the typical shoulder joint characteristics of baseball players.
In this study, 21.43% of the subjects were included in group A. In a previous study by Shanley et al. [15] , the prevalence of GIRD among baseball players was reported to be nearly 25% (18 out of 72 individuals). Our results are similar to these previous findings. In a study of collegiate baseball pitchers and non-pitching players, Cook et al. [16] investigated the isokinetic strength of the shoulder flexion and extension and highlighted the importance of shoulder strength balance. The isokinetic strength was closely associated with ROM, and improving the ROM limits was reported to increase joint torque and shoulder performance [17, 18] . In the isokinetic strength test, the results obtained at an angular velocity of 180 o /s are more closely related to the throwing conditions for baseball, where the ball is pitched at a high velocity; this indicates that the limited shoulder ROM may negatively affect performance. In previous studies on GIRD, a considerable amount of research has focused on isokinetic strength of shoulder IR and ER, whereas research on isokinetic strength related to other conditions, such as shoulder flexion or extension, is few. In our study, there was a negative correlation between GIRD and isokinetic strength, which suggests that the isokinetic strength was reduced as GIRD was increased. These findings will enable us to design an effective rehabilitation program for balanced strength, by considering the factors such as muscular imbalance due to shoulder injury.
It has been previously reported that the incidence of glenohumeral joint pain in baseball players was 32%, with overuse being the main cause of such pain [19, 20] . Surgical treatment for damages in high school pitchers has been reported to have increased from 8% to 24% over the last 10 years [21] . Noffal [22] reported that the imbalance of rotator cuff muscles induces muscular dysfunction, thereby creating conditions that easily lead to pain or glenohumeral joint injury. In this study, 33.33% of the subjects reported of shoulder pain, which was similar to previous studies. Interestingly, group A showed a lower frequency of shoulder pain than group B, although the ratio of upper body pain was higher. The throwing motion of the baseball players comprises a series of movements involving the torso, shoulder, elbow, wrist, and fingers. Therefore, the high frequency of upper body pain compared to lower body pain may have been affected by the limited shoulder ROM. Group A had a low quality of life and performance, but the quality of life could be improved through shoulder ROM improvement via an appropriate shoulder joint rehabilitation program. Shanley et al. [15] , who compared the pre-and post-baseball seasons reported that GIRD increased by approximately 7 o in the post-season compared to the pre-season values. The present study was conducted in the preseason. Therefore, there is a high probability that the incidence of pain or damage, including the glenohumeral ROM, will increase as the season progresses. Our study has three limitations. First, because the study subjects had a large amount of team training schedules to prepare for the upcoming high school baseball season, there was a limitation in mustering them for repeated measures of ROM and isokinetic strength. As a mean to reduce bias, the measurements were performed by one doctor of physical rehabilitation in the morning prior to training. According to previous studies [10, 15] , the ROM measurement methods used in this research showed good reliability and validity. Also, the isokinetic measurement using Cybex is an objective testing device commonly used in sports and orthopedic fields in the world. Its reliability and validity are well documented [23] . Secondly, in the present study, we were unable to measure the isokinetic strength of shoulder IR and ER, due to limited manpower and equipment; therefore, we only evaluated the isokinetic strength of shoulder flexion and extension.
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The glenohumeral joint is easily subjected to damage in baseball players. The American Medical Society for Sports Medicine has recommended monitoring of the development and training intensity in teenage athletes to reduce their risk factors for damages and using appropriate diagnosis and rehabilitation programs in response to the damages [3] . In this study, GIRD showed a statistically significant and negative correlation with muscle power or isokinetic strength, and it is thought to be related with a decrease in muscle strength and quality of life for male high school baseball players. The group with GIRD was observed to have lower muscle strength, lower quality of life score, and a higher frequency of upper body pain than the non-GIRD group.
